Abstract: We present a gauge field theory for unitary infinite dimensional tachyonic representations of the Poincaré group. It was obtained by a dimensional reduction from the gauge field theory for continuous spin particles in a cotangent bundle over Minkowski space-time. We discuss its BRST formulation and compute the partition function. Some cubic vertices are also presented and their properties discussed. In the massless limit the gauge theory for continuous spin tachyons reduces to the gauge theory for continuous spin particles.
Introduction
The unitary finite dimensional representations of the Poincaré group have been successfully realized as field theories in Minkowski spacetime making quantum field theory the basic tool for the study of elementary particles. However, the finite dimensional representations do not exhaust all the unitary representations of the Poincaré group [1] . There are two classes of unitary infinite dimensional representations, one being massless and named continuous (or infinite) spin particles and the other constituted by tachyonic particles 1 For a long time no field theory was known for these infinite dimensional representations preventing the study of its properties even at the free level. Only recently a field theory for continuous spins particles was proposed [2] triggering a new wave of interest on the subject. For a recent review and earlier references see [3] .
The irreducible unitary representations of the Poincaré group can be labelled by the quadratic Casimir operator C 2 = P 2 associated to the mass-shell condition, and the quartic Casimir operator C 4 = − 1 2 P 2 J µν J µν +J µν P ν J µρ P ρ , the square of the Pauli-Lubanski tensor [4, 5] . If the states belonging to a given representation are labelled by then the unitary irreducible massless representations in four dimensions are C 2 C 4 helicity h 0 0 ±h bosonic continuous spin 0 −ρ 2 0, ±1, · · · ± ∞ fermionic continuous spin 0 −ρ 2 ± 1 2 , · · · ± ∞ where the helicity h is an integer or half-integer and ρ is real number, the value of the continuous spin. The continuous spin particle is an infinite dimensional representation and it can be seen as a collection of massless fields for all helicities linked by ρ since W ± |0, −ρ 2 , h >= ±iρ|0, −ρ 2 ; h ± 1 >, where W ± are the light-cone components of the Pauli-Lubanski vector. When ρ vanishes the helicities become independent of each other and reduce to a set of massless particles for all helicities. It is then natural to consider a description of continuous spin particles in terms of fields that somehow encode an infinite number of spacetime fields. The gauge theory proposed in [2] makes use of a field Ψ(η, x) which depends not only on the spacetime coordinates x but also on a extra variable η µ . When Ψ(η, x) is expanded in terms of η µ it naturally gives rise to an infinite number of spacetime fields. It was found that this theory is formulated in a cotangent bundle over Minkowski spacetime [6] and that the gauge symmetries are reducible [7] . Bosonic and fermionic continuous spin particles can also be obtained from the Fronsdal and Fang-Fronsdal equations by solving the double traceless condition [8, 9] . An alternative formulation for continuous spin particles based on an oscillator formalism was presented not only in Minkowski spacetime but also extended to AdS [10] . The fermionic case [11] was also considered in this framework. A frame-like formulation was presented in [12, 13] , while the Wigner conditions for continuous spin particles were discussed in [14] . A description in terms of twistors was also proposed [15] . Continuous spin particles with mixed symmetry, that is, not associated to totally symmetric fields, were analysed in [16, 17] . Cubic vertices for the interaction of continuous spin particles and massive particles, current exchange mediated by continuous spins particles and properties of its energy-momentum tensor were also investigated [9, 18, 19] while aspects of the BRST approach were discussed in [20, 21] .
In the massive case we also find representations similar to the continuous spin particles. We will call massive particles those with m 2 > 0 and tachyonic particles those representations which have m 2 < 0. We could disregard tachyonic particles on the basis of lack of causality. However, we must recall that they are unitary representations of the Poincaré group and that nowadays they are interpreted as particles in an unstable situation that become massive particles when they reach a stable configuration. The Higgs particle is an example of such a framework. The unitary irreducible massive representations are
where s is an integer or half-integer. While the massive spin s and the scalar tachyon are finite dimensional the remaining ones are infinite dimensional. These infinite dimensional massive representations were discussed in the oscillator formalism [10] but, as argued before, they should also be naturally formulated as a field theory on a cotangent bundle as we will show.
So in this paper we will consider a deformation of the massless gauge theory for continuous spin particles of [2] to the tachyonic case. The tachyonic field theory will be derived through a compactification of the cotangent bundle in which one spacetime dimension is compactified while the corresponding coordinate in the cotangent space is left intact. The resulting action will describe a gauge theory whose structure is very similar to that of the continuous spin particle. It has two local symmetries which are reducible and the field equation allows propagation only on an hyperboloid in the cotangent bundle and its first neighbourhood, in a very similar way to the continuous spin particle case. We compute the eigenvalues of the Casimir operators to show that we are dealing with continuous spin tachyons and then make a detailed analysis of the physical degrees of freedom propagated by the field. We show that depending on the eigenvalue of the quartic Casimir operator it describes either a continuous spin tachyon or a spin s tachyon plus a non-unitary representation. A similar result was obtained in the oscillator formalism [10] . We then introduce ghost fields in the cotangent bundle in order to get an action which is BRST invariant. We compute the partition function and show that it is equal to 1 as expected [20] . We then show that the massless limit of the continuous spin tachyon describes a continuous spin particle. Finally we discuss cubic vertices for one continuous spin tachyon and two massive scalar particles. We derive a current for the scalar fields and show that it obeys a generalized conservation condition. Solving the current conservation equation allow us to determine a local current besides a constraint among the continuous spin and the parameters that characterize the vertex. We then take the limit where the tachyon mass vanishes to get a cubic vertex for one continuous spin particle and two massive scalars recovering the results of [9, 18] .
The contents of the paper is as follows. In Section 2 we present a brief review of the gauge theory for continuous spin particles pointing out its main features. Then in Section 3 we present the action and local symmetries of the continuous spin tachyon showing how a convenient gauge fixing leads to simple field equations. In the next section we compute the eigenvalue of quartic Casimir operator while in Section 5 we fix the residual local symmetries to find out the physical degrees of freedom carried the gauge field showing that it describes reducible and irreducible representations of the Poincaré group. The massive case is also discussed. Then in Section 6 we discuss the BRST symmetry and compute the partition function and in the next section we consider the massless limit of the continuous spin tachyon. Finally, in the last section, we discuss the vertices for one continuous spin tachyon and two massive scalar particles and one continuous spin particle and two massive scalar particles presenting their main properties. Throughout the paper we work in D dimensions.
Continuous Spin Particles Revisited
The action for a continuous spin particle is given by [2] 
where ∆ = ∂ η · ∂ x + ρ and δ is the derivative of the delta function with respect to its argument. We work in D dimensions with a metric which is mostly minus. The factor µ 2 was introduced to track dimensions of η µ and make dimensional analysis easier. It can always be set equal to 1 by rescaling η µ → µη µ and ρ → ρ/µ. The derivative of the delta function constrains the dynamics to the hyperboloid η 2 + µ 2 = 0 and its first neighbourhood. For continuous spin particles the word hyperboloid will always refer to the η 2 + µ 2 = 0 hyperboloid. The action is invariant under the following global transformations: spacetime translations, Lorentz transformations and an η µ dependent translation along x µ given by δx µ = ω µν η ν , with ω µν antisymmetric. This last symmetry does not preserve the natural symplectic structure of the cotangent bundle [6] . The action is also invariant under the following local transformations
with (η, x) and χ(η, x) being the local parameters. All fields defined in the cotangent bundle can be expanded around the hyperboloid and the role of the χ symmetry is to remove all components of such an expansion except for the first two. It restricts the propagation of Ψ to the hyperboloid and its first neighbourhood. On the other side, the symmetry is a truly gauge symmetry removing gauge degrees of freedom. These local symmetries are reducible [7] 
leave (2.2) invariant. This symmetry mimics the χ symmetry for Ψ and can be used to limit the expansion of around the hyperboloid to just the first term. As we shall see in the following, most of these features are shared with the tachyonic field theory.
Continuous Spin Tachyons
The massive and tachyonic actions can be obtained from the massless one by starting in one higher dimension in the cotangent bundle. We then perform a compactification on the extra spacetime coordinate and leave uncompactified the extra cotangent space coordinate.
For the massive case both extra coordinates are time-like while for the tachyonic case they are space-like. In what follows we will consider the tachyonic case only. The massive case can be obtained from the tachyonic one by changing some signs.
Calling m the radius of the spacetime compactified dimension and ξ the extra cotangent space coordinate we just have to make the following replacements in the massless action (2.1):
1) where ∆ = ∂ η · ∂ x + ρ as in the continuous spin case. The role of the derivative of the delta function is to restrict the dynamics to the hyperboloid η 2 − ξ 2 + µ 2 = 0 and its first neighbourhood. In the tachyonic case the word hyperboloid will always means the
The action is invariant under the local transformations
which are reducible like in the massless case
The χ and Λ symmetries can be used to constrain Ψ to the hyperboloid and its first neighbourhood and to the hyperboloid, respectively. The symmetry remains a gauge symmetry. The field equation derived from (3.1) is
A gauge choice which leads to a tachyonic equation for Ψ is (∆ + m∂ ξ )Ψ = 0 which reduces (3.5) to δ (η 2 − ξ 2 + µ 2 )( x − m 2 )Ψ = 0. This last equation can be solved for the delta function constraint as
with ω(η, ξ, x) an arbitrary function. We can now use the χ symmetry to gauge ω away and this is possible only if χ satisfies ( x −m 2 )χ−ω = 0 so that (3.6) becomes ( x −m 2 )Ψ = 0. There remains a residual χ R symmetry with χ R satisfying ( x − m 2 )χ R = 0. Besides that, the gauge choice also imposes a further condition on χ R so that altogether we have
The gauge choice (∆+m∂ ξ )Ψ = 0 and ( x −m 2 )Ψ = 0 impose the following constraints on
Having in mind the reducibility of the and χ transformations (3.3) and (3.4), we can now make a gauge choice for . Choosing the gauge (∆+m∂ ξ ) = 0 (3.9) leads to ( x −m 2 ) = 0, so that (3.10) is also satisfied. This gauge choice for also partially fix the Λ symmetry so that (∆ + m∂ ξ ) = 0 and ( x − m 2 ) = 0 leave a residual Λ R symmetry
In summary we have the following partially gauge fixed set of equations and local transformations
where the parameters of the χ R and Λ R symmetries satisfy (3.7), (3.8), (3.11) and (3.12). These residual symmetries will allow us to deal with the expansion of the fields around the hyperboloid while the symmetry will allow us to remove gauge modes. Also, some of these equations explicitly show the tachyonic nature of the fields.
To deal with the expansion of Ψ(η, ξ, x) around the hyperboloid we will introduce new coordinates (|η|,η µ ,ξ) defined as η µ = |η|η µ , ξ = |η|ξ withη µ andξ satisfying the constraint η 2 −ξ 2 = −1. Thenη µ andξ parametrizes points on the hyperboloid while |η| parametrizes the hyperboloids. These new coordinates must be handled with care since, for instance, ∂η µ /∂η ν is a projection operator.
The expansion of Ψ(η, ξ, x) around the hyperboloid which preserves Lorentz symmetry is
We can now expand χ R around the hyperboloid as in (3.18) and use the χ R symmetry in (3.14) to gauge away all terms with n ≥ 2 in the expansion of Ψ (3.18) yielding 19) where Ψ χ (η, ξ, x) means the χ R fixed form of Ψ(η, ξ, x). This procedure has to be compatible with both equations in (3.13) and this happens if χ R satisfies (3.7) and (3.8) . Since all terms in the expansion of χ R were used the χ R symmetry is completely fixed. We then find that the first equation in (3.13) leads to
showing that Ψ(η, ξ, x) propagates only on the hyperboloid and its first neighbourhood. The same procedure can be applied to to show that when expanded around the hyperboloid only the first term survives
with Λ (η, ξ, x) meaning the Λ R gauge fixed form of (η, ξ, x). As for the χ R symmetry, we have to show that this procedure is consistent with both equations in (3.15) and this is true if Λ R satisfies (3.11) and (3.12). Then the Λ R symmetry is also completely fixed. The gauge symmetry in (3.14) then becomes
Casimir Operators
In order to find out which representations of the Poincaré group are being carried by Ψ we have to compute de Casimir operators. The relevant ones are the quadratic C 2 and the quartic C 4 Casimir operators, associated to the mass and spin contents of Ψ respectively. The quadratic Casimir is just C 2 = P 2 and from the first equation in (3.13) we find C 2 Ψ(η, ξ, x) = −m 2 Ψ(η, ξ, x) so that we are dealing with a tachyonic representation. Besides that we find that when Ψ is expanded around the hyperboloid (3.19) its components satisfy (3.20) and (3.21) so that they are also tachyonic. The quartic Casimir operator can also be obtained by dimensional reduction but we must also take into account that we are in a cotangent bundle so that
We then get
Now using (3.13) we find that
Recall that we can always set µ = 1 but we choose to leave it as it stands. Then (4.2) shows that for arbitrary ρ, Ψ describes a bosonic continuous spin tachyon while for specific values of ρ, that is, for
we have a spin s tachyon. Finally, taking into account the expansion of Ψ around the hyperboloid (3.19), we find that the quartic Casimir operator acts on the hyperboloid and its first neighbourhood as 5) up to gauge transformations.
Physical Degrees of Freedom
In order to find the physical degrees of freedom carried by Ψ(η, ξ, x) we have to solve (3.13) and (3.15). Let us do this before fixing the residual local symmetries χ R and Λ R . The first equation in (3.13) can be solved in momentum space as
The gauge transformation in (3.14) shows that the first equation of (3.15) must be solved for the same momentum.
To solve the second equation in (3.13) it is better to change the η D−1 and ξ coordinates to ξ ± = ξ ± iη D−1 so that the solution is
In a similar way we solve the second equation in (3.15) as
Then the gauge transformation (3.14) turns into
so that all ξ + dependence of ψ(η α , ξ + , k D−1 ) can be gauged away and we have
We can now use the χ R and Λ R symmetries to restrict the dynamics to the hyperboloid. Expanding Ψ as in (3.19) we find that
At this point it is important to analyse the dependence of these expressions with respect toη α . Let us assume that ψ(η α , k D−1 ) and
Then from the constraintη 2 −ξ 2 = −1 we find that (η α ) 2 = −1 +ξ +ξ− so that we can use (5.3) to gauge away allξ + dependence. This means that ψ(η α , k D−1 ) and ∂ψ ∂|η| (η α , k D−1 ) do not depend on (η α ) 2 since effectively (η α ) 2 reduces to -1. As a consequence, the expansion of ψ(η α , k D−1 ) and ∂ψ ∂|η| (η α , k D−1 ) in powers ofη α do not generate trace contributions which implies that the polarization tensors on the hyperboloid and its first neighbourhood are symmetric and traceless. We then find that
The physical contents of Ψ depends on the values that ρ can take. So let us analyse each possibility separately and afterwards consider the massive case as well.
The polarization tensor carries infinite dimensional representations of SO(1, D − 2) so that in 4 dimensions it has integer spins from −∞ to ∞. This is the expected contents for a continuous spin tachyon if ρ = 0 and ρ 2 = 
and analyse what it is describing for s = 0 and s > 0. If s = 0 s = 0 s = 0 then C 4 = 0 and the first sum has only one term which is describing a scalar tachyon. The second sum is a non-unitary representation because it is infinite dimensional and has C 4 = 0.
If s > 0 s > 0 s > 0 we have a non vanishing C 4 . In the second sum we find that the propagating degrees of freedom have spins from s + 1 to ∞ so it is a spin s tachyon. The first sum, however, is finite dimensional so it is a non-unitary tachyonic representation.
In this case we find that Ψ carries a reducible representation of the Poincaré group, one piece being unitary and the other non unitary. We could try to remove the non unitary contribution but we did not find a proper way to project just one of the sums in (5.8).
To consider massive representations we just have to replace m 2 → −m 2 , ξ 2 → −ξ 2 , m∂ ξ → −m∂ ξ and ξ ± → ±ξ ∓ in all previous equations. The counting of physical degrees of freedom is done in a similar way with the SO(1, D − 2) representations replaced by SO(D − 1) representations. So lets redo the previous analysis for massive particles.
Massive (5.8) . The first sum describes a spin s massive particle while the second sum, being an infinite sum, is describing a non-unitary massive representation. Then in the massive case Ψ always describes non unitary representations.
It should be remarked that similar results were also found in the oscillator formalism [10] .
BRST Formulation
As we have seen the action for the continuous spin tachyons has two local symmetries, the symmetry, a truly gauge symmetry which removes gauge degrees of freedom, and the χ symmetry, which constrains the dynamics to the hyperboloid and its first neighbourhood. This last symmetry is not a true gauge symmetry since it is just restricting the propagation of the physical degrees of freedom on the cotangent bundle. We could apply the full BRST machinery to both symmetries introducing ghost fields for both symmetries and ghosts for ghosts since the symmetries are reducible. However, we can take a short cut and introduce just one set of ghosts since we know the role of the χ symmetry. We will introduce ghosts only for the symmetry and allow a χ type symmetry for all ghosts.
We can consider a gauge fixing term proportional to
which is a generalization of the transverse gauge for higher spin fields in the massless case.
Since the action is quadratic we can easily introduce anticommuting ghosts c(η, ξ, x) and c(η, ξ, x) and a commuting ghost Π(η, ξ, x) with ghost numbers +1, −1 and 0, respectively, so that from the action (3.1) we get the gauge fixed action
with ζ being the gauge parameter. It is invariant under the BRST transformations
as well as the anti-BRST transformations
with the anti-BRST transformations anticommuting with the BRST ones. The action (6.2) is also invariant under a generalization of the χ symmetry of Ψ extended to the ghost fields
where the commuting parameters χ(η, ξ, x) and σ(η, ξ, x) have ghost number 0 and the anticommuting parameters α(η, ξ, x) and α(η, ξ, x) have ghost number 1 and −1, respectively. The parameters are independent of each other. The role of this symmetry is clear. When c, c and Π are expanded around the hyperboloid all terms in the expansion can be removed except for the first one, so that they all live on the hyperboloid. We can now compute the partition function. We will use the χ symmetry to set Ψ into the form (3.19) which will be written in a shorter way as Ψ χ (η, ξ, x) = Ψ 0 (η,ξ, x) + (µ 2 − |η| 2 )Ψ 1 (η,ξ, x). Similarly, we have c α (η, ξ, x) = c 0 (η,ξ, x), c α (η, ξ, x) = c 0 (η,ξ, x) and Π σ (η, ξ, x) = Π 0 (η,ξ, x). As usual we choose the gauge ζ = 1, make the shift Π 0 → Π 0 − ∆Ψ/2 and get
The path integrals can be performed and we find Z = 1 since the determinants cancel against each other. This result agrees with that presented in [10] .
Massless limit
When taking the massless limit, m → 0 and ξ → 0, we expect that all previous equations reproduce known results for the continuous spin particles. Since the gauge choice used here was not discussed in previous papers on continuous spin particles we will make a brief presentation for the massless case calling attention to the new points. The field equation obtained from (2.1) is
and the harmonic gauge choice ∆Ψ = 0 reduces it to δ (η 2 + µ 2 ) x Ψ = 0. The delta function constraint can be solved as
where ω(η, x) is an arbitrary function. We can now use the χ symmetry of (2.2) to remove ω(η, x) but leaving a residual χ R symmetry satisfying x χ R = 0. Consistency with the harmonic gauge choice then requires
The gauge symmetry is consistent with the harmonic gauge choice and with x Ψ = 0 if
respectively. The reducibility of the and χ transformations (2.3-2.4) allow us to choose an harmonic gauge for , ∆ = 0, which leads to x = 0. The first equation in (7.4) is then also satisfied. These equations partially fix the Λ symmetry in (2.3-2.4) leaving a residual Λ R symmetry satisfying
To summarize, the harmonic gauge choice for the continuous spin particle leads to 10) with the residual χ R and Λ R transformation parameters satisfying (7.3) and (7.5) respectively. As in the tachyonic case these residual transformations will allow us to deal with the expansion of the fields around the hyperboloid η 2 + µ 2 = 0. The expansion around the hyperboloid requires the use of coordinates (|η|,η µ ) defined by η µ = |η|η µ withη 2 = −1. Thenη µ parametrizes points on the hyperboloid while |η| parametrizes different hyperboloids. The expansion of Ψ(η, x) around the hyperboloid is then
We can now expand χ R around the hyperboloid as in (7.11) and use the χ R transformation of (7.7) to gauge away all terms in (7.11) with n ≥ 2 so that
where Ψ χ (η, x) stands for the χ R gauge fixed form of Ψ(η, x). We have to check the compatibility of this procedure with both equations in (7.6) and this happens if χ R satisfies both equations in (7.3). Then the χ R symmetry is completely fixed. The first equation in (7.6) then leads to
(η, x) = 0, (7.13) showing that Ψ propagates on the hyperboloid and its first neighbourhood.
As in the tachyonic case, the same procedure can be applied to and Λ R so that
where Λ (η, x) means the Λ R gauge fixed form of (η, x). As for the χ R symmetry, we have to show that this procedure is consistent with both equations in (7.5) and this will happen if both equations for Λ R in (7.4) are satisfied. The Λ R symmetry is also completely fixed. Finally, the gauge symmetry in (7.7) becomes
The quartic Casimir operator is now
17) and making use of (7.6) we find 18) where the parameter for the gauge transformation is
We can now use (7.12) to find out how the Casimir operator acts on the hyperboloid and its first neighbourhood obtaining 21) up to gauge transformations. We can now go back to (7.6)-(7.10) where the residual χ R and Λ R symmetries were not fixed yet. We can solve the first equation in (7.6) by choosing a light-like momentum with light-cone components k + = 0, k − = k i = 0, i = 1, . . . D − 2. Then the gauge symmetry in (7.7) tell us that the solution of the first equation in (7.8) implies that must have the same momentum as Ψ and that in momentum space
We can then solve the second equation in (7.6) and (7.8) as
so that (7.22) now reads
The gauge transformation (7.25) shows that all terms proportional to η − in ψ(η − , η i , k + ) can be gauged away so that it depends only on η i
We can now use the expansion of Ψ(η, x) in (7.12) to find that on the hyperboloid and its first neighbourhood we have
Like in the massive case we can show that ψ(η i , k + ) and ∂ψ ∂|η| (η i , k + ) does not depend on (η i ) 2 and hence their expansion in powers ofη i has only symmetric traceless tensors. The argument runs along the same lines as for the massive case but now we must use that (η i ) 2 = 1 + 2η +η− and consider that the gauge symmetry (7.25) allow us to gauge away all terms inη − . We then have
Now the polarization tensors form finite dimensional representations of SO(D − 2) so that in 4 dimensions they carry integer helicities from −∞ to ∞ which is the expected contents of a continuous spin particle for ρ = 0. Then Ψ(η, x) describes a single continuous spin particle propagating on the hyperboloid and its first neighbourhood.
If we take the limit ρ → 0, which means from (7.18) that we have a reducible representation for massless particles, we find the polarizations tensors for massless fields with integer helicities from −∞ to ∞. Notice however that this produces a very peculiar set of massless higher spin particles since all of them have the same momentum and propagate in the same direction. This happens because the fundamental field Ψ(η, x) satisfies x Ψ(η, x) = 0 so that all polarizations in (7.28) have the same momentum. On the other side if we go back to the action (2.1) and start with ρ = 0 from the beginning we can perform the η µ integrals in the action to find out that it reduces to a sum of Fronsdal actions [7] . In this situation the spacetime fields are independent of each other since each field has its own momentum. Back to the continuous spin case we see that this independence does not hold because for ρ = 0 the solution of the second equation in (7.6) relates polarization tensors of different orders, that is, it express the minus components of the polarization tensor to its plus and i components 2 .
The BRST formulation for continuous spin particles can be obtained straightforwardly from the tachyonic case. We just set m and ξ to zero in all expressions and remove the integral in ξ. The BRST action is then
29) with ζ being the gauge parameter as before. The nilpotent BRST and anti-BRST transformations are now
and
respectively, and they anticommute with each other. The generalization of the χ symmetry of (7.29) is
with the commuting parameters χ(η, x) and σ(η, x) having ghost number 0 and the anticommuting parameters α(η, x) and α(η, x) having ghost number 1 and −1, respectively. As in the tachyonic case this symmetry can be used to remove all terms in the expansion 2 Recall that the + components are gauged away by (7.25) .
of c, c and Π around the hyperboloid except for the first one, showing that they live on the hyperboloid. The partition function can be calculated as in the tachyonic case. The χ symmetry is used to write Ψ as in (7.12) which will be written as Ψ χ (η, x) = Ψ 0 (η, x)+(µ 2 −|η| 2 )Ψ 1 (η, x). In a similar way we have c α (η, x) = c 0 (η, x), c α (η, x) = c 0 (η, x) and Π σ (η, x) = Π 0 (η, x). After choosing the gauge ζ = 1 and making the shift Π → Π − ∆Ψ/2 we get
All integrals can be done and we have Z = 1. All determinants cancel against each other. Again, we have the same result as that in [10] .
Cubic Vertices
In this section we will discuss cubic vertices involving continuous spins tachyons and massive scalar particles. We will not try to present a systematic analysis but rather just to point out its main features providing some simple examples. We will start with continuous spin tachyons and then take the massless limit to get vertices for continuous spin particles. Since continuous spin tachyons and continuous spin particles are described by gauge theories they give rise to conserved currents which will be used to restrict the form of the vertices. Also we will consider only parity invariant terms in the cubic action. Let us consider the cubic vertex
where J(η, ξ, x) depends on two massive scalar fields and g is a coupling constant. This vertex is invariant under the χ symmetry of Ψ (3.2) and a χ type symmetry of J δJ(η, ξ,
where Ξ(η, ξ, x) is an arbitrary function. This symmetry is not due to a χ type symmetry for the scalar fields but to the delta function structure of the vertex only. Notice that if we had higher derivatives of the delta function in (8.1), say p > 1 derivatives, we could multiply the field equation by (η 2 − ξ 2 + µ 2 ) p and find that J vanishes on the hyperboloid. Only for p = 0, 1 we have a non vanishing J so that we took the highest allowed value of p in (8.1). Also, only for p = 0, 1 the vertex is invariant under the χ symmetry of Ψ. The continuous spin tachyon field equation is now
We can multiply it by η 2 − ξ 2 + µ 2 and apply ∆ + m∂ ξ to get 5) with ω(η, ξ, x) an arbitrary function. We can then use (8.2) to gauge ω away leaving a residual Ξ R symmetry whose parameter must satisfy
As usual this residual symmetry can be used to expand J around the hyperboloid but this will not be necessary. Then the current conservation equation (8.5 ) is reduced to
We can now write J as
Then we have to find currents J 0 and J 1 depending on two scalar fields satisfying the conservation condition (8.9). The field equations for the scalar particles φ i (x), i = 1, 2, with mass M i are 10) where the explicit form of the O(g) terms are not needed. Now we have to find a solution for the currents in (8.9) using the field equations (8.3) and (8.10). We will proceed by proposing an ansatz for J 1 and use (8.9) to determine J 0 . The solution will also relate ρ to the parameters in J 0 and J 1 .
The currents J 0 and J 1 must depend on the scalar fields and its derivatives. Lorentz invariance thus requires that we use the operators x and η · ∂ x in the currents. Since x acting on the scalar field is proportional to the field itself the derivatives must act on different fields so that the simplest situation is that in which J 1 depends only on η · ∂ x . Notice also that in (8.9) we have derivatives of J 0 and J 1 and to have a chance that they cancel out we should use exponentials of η · ∂ x wherever it is possible. Taking all this into account the simplest ansatz for J 1 is then 11) where the operators f n i λ i , i = 1, 2, which depend only on η · ∂ x − mξ, are defined as
Here m is the continuous spin tachyon mass, n 0 , n 1 and n 2 are non negative integers, λ 1 and λ 2 are two free real and dimensionful parameters and the operator f n i λ i acts only on the first field in front of it. We require n 0 , n 1 and n 2 to be non negative integers in order to be able to perform integration by parts in the cubic action. We then find that J 0 is
Requiring J 0 to be local implies that n 0 = n 1 = n 2 = 0 and λ 1 + λ 2 = 0 or n 0 ≥ 2 and n 1 , n 2 ≥ 0. In any case we must also require a non vanishing ρ so that
We then have a cubic vertex depending on three integer parameters n 0 , n 1 and n 2 and one dimensionful parameter λ 1 or λ 2 since we can solve (8.14) for one of them. In the first case we get a very simple vertex. Calling λ 1 = −λ 2 ≡ λ we get 16) and ρ = λ(M 2 1 − M 2 2 ) so that the masses of the scalar fields must be different. We can now take the continuous spin particle limit in (8.1)-(8.9), (8.11)-(8.14) by removing the integral in ξ and setting m = ξ = 0. The cubic vertex is now where now
Then (8.14) becomes 22) and ρ = λ(M 2 1 − M 2 2 ) so that the masses of the scalar fields must be different. This vertex has no free parameters. This is precisely the result found in [9] using BBvD-like currents [22] .
The simplest solution for massive fields with the same mass M has n 0 = 2, n 1 = n 2 = 0 and the current is and ρ = (λ 1 + λ 2 )M 2 so that λ 1 = −λ 2 and M = 0. For scalar fields this is the situation analysed in [18] using the oscillator formalism in the light-cone gauge. We can also consider vertices which are symmetric or antisymmetric by the interchange of φ 1 and φ 2 . If we now take the limit ρ = 0, which implies that λ 1 = −λ 2 ≡ λ, the continuous spin particle turns into an infinite tower of massless particles each one appearing once in Ψ(η, x). The currents which are symmetric and anti-symmetric by the interchange of φ 1 and φ 2 are then If we expand the exponentials we find that J + , which is even by the interchange of λ and −λ, has only even powers of η µ . In the cubic action the integral over η µ will select only even powers in Ψ(η, x) so that J + couples to even spins in Ψ(η, x). A similar reasoning for J − shows that it couples only to odd spins in Ψ(η, x). This agrees with the results presented in [18] for a continuous spin particle and two massive scalar fields with the same mass when ρ → 0.
Conclusions
We have presented an action for continuous spin tachyonic gauge fields. The analysis of its physical contents agrees with that obtained in the oscillator formalism [10] . There the starting point is a collection of totally symmetric tensor fields which are double-traceless and are contracted with creation and annihilation operators. Here we start with a field Ψ(η, ξ, x) living on a cotangent bundle which can be expanded in terms of totally symmetric spacetime fields which are unconstrained. Since we get the same results we could hope to show that both formulations are completely equivalent. In the higher spin case [23] it was found a correspondence between terms in both actions [7] after the integrals over η µ were performed. However no direct map between the gauge field and the oscillators was found so it is unlikely that such map exists in the continuous spin case.
We have presented an analysis of cubic vertices for one continuous spin tachyon and two massive scalar particles and for one continuous spin particle and two massive scalar particles. In both cases we found that in general they depend on one dimensionful parameter and three non negative integer parameters. It would be interesting to find a systematic way to analyse these vertices.
We have shown that there is now an improved understanding of the local symmetries on the cotangent bundle which allowed us to find much more suitable gauge fixing conditions not only in the tachyonic case but also for the continuous spin particle. This will now hopefully allow us to extend the continuous spin particle results to AdS spaces. Also, the extension of the the analysis presented in this paper to the fermionic and supersymmetric cases along the lines of [8] seems feasible.
Finally it should be remarked that a full analysis of cubic vertices has to be performed. It seems doable in the present context and it will improve our understanding of how continuous spin tachyons and continuous spin particles interact with other fields and among themselves.
